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Abstract This paper addresses the interplay between demographics and housing
market dynamics in Haifa, Israel. In the 1990s the city of Haifa, with a population
of approximately 220,000, absorbed about 45,000 immigrants. The case of Haifa
offers a typical non-controlled experiment on how demographic shocks and associ-
ated changes in housing demand affect the housing market. The dynamic adjustment
of house prices is estimated using an autoregressive, distributed lag ADL model,
taking into account spatial spillover effects. The data analyzed cover housing trans-
actions in Haifa between January 1989 and June 1999. The data come from a mort-
gage database. We used a house price index by tract and by year to investigate the
impact of immigration on house price dynamics for a balanced panel of 34 tracts
and 11 years. Tests showed that for some of the tracts house price series are not unit
root. Most individual series though indicated that a unit root could not be rejected so
that we considered house price series as being non-stationary. Also, the hypothesis
of no co-integration could not be rejected by the data. Due to inertia we considered
lagged spatial spillover effects for the dependent variable. We applied the corrected
least squares dummy variable estimator to estimate the parameters of interest. The
estimates of the coefficient of the lagged dependent variable suggest stability of the
ADL structure. Furthermore, the results indicate a house price correction of almost
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70% of the gap between house prices and its fundamental determinants each year.
Our results suggest a substantially faster response after the demand shock in Haifa
than obtained by others for other cities and regions in the literature. Yet our estimates
seem not unreasonable given the large-scale land conversion and urban construction
programs in Israel and underline the importance of a responsive supply to dampen
house price rises after an unanticipated demographic shock.
JEL Classification R1
1 Introduction
Israel experienced a large influx of immigrants during the early 1990s. Within one
decade, more than one million immigrants, or almost 300,000 households arrived in
the country. Within this short period of time the population rose from 4.5 to almost 6.4
million by 2000. The city of Haifa being the third largest city in Israel was no excep-
tion. Most of the immigrants settled in the country’s three big cities, namely, Haifa,
Tel-Aviv, and Jerusalem (Portnov 1998). Haifa absorbed roughly 45,000 immigrants.
The number of inhabitants rose to 268,000. It is to be expected that such a large influx
of immigrants affected the housing market significantly. The aim of this paper is to
analyze how Haifa’s housing market absorbed the demographic shock.
The case of Haifa offers a typical non-controlled experiment of the impact of demo-
graphic shocks and the associated changes in housing demand on the housing market.
Figure 1 illustrates the demographic shock in 1989–1991 with annual population
growth rates of nearly 10%. After 1991 the annual growth rates flattened. However,
in 1995 another, though smaller, wave of immigration took place. The right-hand side
of Fig. 1 depicts the house prices changes. It depicts a sharp rise in 1989–1990 after
which it the price increases flatten until 1995–1996, a period during which there is a
second shock that tapers off towards 1998 when a recession hit Israel.
Alperovich (1997) is an earlier study concerned with immigration and house prices
in Israel. It relates to the period between 1959 and 1988. During this period, how-




























Fig. 1 Annual population growth (left) and annual average house price change (right), Haifa 1985–2000
(Source CBS.Il)
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It is natural to consider that demographics and housing markets are interrelated. The
basic research questions relate to the rate of absorption of shocks and the mechanisms
by which they are absorbed. Particularly, are demographic shocks absorbed through
higher prices, through changes in the stock, or both? Furthermore, does the housing
market return to the same equilibrium price level as prior to the shock?
The impact of demographic developments on housing markets has been subject of
earlier studies. Jaffee and Rosen (1979) focused on post-war baby booms and their
impacts on the housing market. Mankiw and Weil (1989) considered the impact of
demographics on housing markets in the US. Their research initiated a couple of sub-
sequent papers for Canada (Engelhardt and Poterba 1991) and for Japan (Ohtake
and Shintani 1996). Mankiw and Weil (1989) find that demographic shocks lead
to higher house prices. Engelhardt and Poterba (1991) question this result on the
basis of their finding that at least in Canada the adjustment mechanism is distinctly
different. Holland (1991), Swan (1995) and Ohtake and Shintani (1996) question
the modelling approach by Mankiw and Weil and point out an incorrect handling
of time series properties, particularly, non-stationarity of the series. Ohtake and
Shintani find that demography and housing stock are co-integrated on the basis of
which they formulate an error correction model for house price development in Japan.
Their results suggest that demographics have a significant effect on housing prices in
the short run, but not in the long run. Error correction models have been estimated
for the UK and the USA as well (see Hort 1998 or Meen 2001). Their results suggest
long-run adjustment through the housing stock and adjustment through prices in the
short-run.
These studies have significant policy relevance. They suggest repercussions for
households entering the housing market. New households may encounter great diffi-
culties to obtain affordable shelter and may experience great price risks in subsequent
years (cf. Muellbauer and Murphy 1997; Ortalo-Magné and Rady 1999). As such, the
results may call for active government intervention to provide affordable housing, now
and in the future. The demographic shock in Haifa considered in this paper differs
from previous demographic shocks analyzed in that it is large, sudden, incidental and
unanticipated. This type of shock has not been analyzed before.
DiPasquale and Wheaton (1994) show that demand shocks may result in an over-
shooting of house prices and a gradual adjustment towards long-run equilibrium as
new construction occurs. On the basis of these results, we expect that a large influx of
immigrants increases the demand for housing, leading initially to higher house prices
and subsequently to higher land conversion rates and housing supply that will dampen
housing prices (DiPasquale and Wheaton 1994; Hwang and Quigley 2006). Hence,
supply conditions play an important role in the functioning of local housing markets
(cf. Mayer and Sommerville 2000; Van der Vlist et al. 2002; Barker 2003; Meen
2005). In the empirical part of this paper we analyze the fundamental relationship by
considering whether demographics and house prices are co-integrated. Moreover, we
consider the speed with which adjustment in house prices takes place.
The organization of this paper is as follows. Section 2 describes the Israeli housing
market and Sect. 3 the data on which this study is based. Section 4 presents the empir-
ical model and Sect. 5 the empirical results. Conclusions and directions for future
research follow in Sect. 6.
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2 Immigrants, home-ownership, and Haifa’s housing market
Israel is a country of immigrants. Over half of the Jewish population in Israel is first-
generation immigrants, and the overwhelming majority of the other half is comprised
of sons and daughters of immigrants. It is important to stress that Israel’s immigration
policy, unlike that in most other countries, does not stem from economic consid-
erations. The “Declaration of Independence” of Israel (May 14, 1948) contains an
explicit statement that “The State of Israel will be open to Jewish immigration and
for the ingathering of the exiles”. Hence, when the economic and political systems
of the former USSR changed, the state of Israel opened its gates to Jewish immi-
grants without considering the repercussions or placing any constraints. This led to an
unexpectedly large influx of immigrants who entered the housing market (Deri 2000).




(c) speeded land use planning procedures;
(d) supply programs.
Rent assistance To help the immigrants, the government established a rent-assis-
tance program offering a fixed monthly allowance to households regardless of the
rented property. Many immigrants decided to co-reside, sharing a dwelling with one
or two other households, bidding their joint rent allowance to the market. This strat-
egy caused rents to rise sharply. Rents of modest dwellings doubled and even tripled
(Benchetrit and Czamanski 2008). The sharp rise, however, prevented non-immigrant
households to access the rental market, making them homeless and creating social
disorder. Homeless families protested against the situation by putting tents in public
areas in the central districts. At the climax of the crisis more than 2000 families lived
in about 70 tent sites (Deri 2000).
Government mortgages To promote home-ownership the Israeli government
offered cash grants and mortgages at below-market interest rates (Beenstock and
Fisher 1997). Different mortgage programs were offered to young couples, single-
parent families and new immigrants. The programs differed in the amount and pay-
ment conditions based on equity considerations (see Benchetrit and Czamanski 2008).
Mortgages were typically granted on the basis of creditworthiness with asset value
serving as collateral for the mortgage. In practice, government mortgages differed
from commercial mortgages in two important respects. First, households’ credit wor-
thiness in terms of potential down payment and monthly payments was not tested.
Second, they do not require official housing appraisals with asset value serving as
collateral for the mortgage. The rationale for both conditions is that the vast majority
of the recent immigrants neither had a steady income to finance monthly mortgage
payments nor assets for substantial down payment. As a result government-mortgages
may be seen as low-interest loans rather than mortgages.
Land use planning procedures To boost new construction national legislative
amendments were made to enable faster land-use planning approval of construction
projects, reducing the time-to-build (see Portnov 1998). The Israel Land Authority
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ILA, owning most of the land in Israel enabled faster land provision for construction
(see Bar-Nathan et al. 1998).
Supply programs Several national measures were implemented to foster housing
construction, both by private contractors and through government initiative. Sup-
ply programs provided incentives for construction companies (Beenstock and Fisher
1997). Also, the supply programs included reduction of the price of government-
constructed housing.
The renewed government participation in the construction of housing constituted a
reversal of trends. The Israeli government was active in the housing construction mar-
ket from the state’s creation until the 1970s. Its role was reduced during the 1980s (see
Portnov 1998; Bar-Nathan et al. 1998). At the beginning of the immigration wave the
total number of ‘starts of dwelling construction’ was less than 20,000 units per year,
with only a few thousands of public sector ‘starts of dwellings construction’. By 1991,
the number of dwellings starts increased to about 84,000, with majority of dwellings
starts initiated by the public sector. The government also induced private contractors
to build in the poorer and more peripheral regions of the country introducing grants,
bonus schemes, and buy-back guarantees (Portnov 1998; Beenstock and Felsenstein
2003). At the turn of the century, 74% of Haifa’s dwelling stock was occupied by
owners. Commercial renting was 20% while the remaining 6% was public renting
(Hazam and Felsenstein 2007).
3 Data
The data analyzed covers housing transactions by spatial unit, i.e., tracts in Haifa
between January 1989 and June 1999 and come from a mortgage database. The data
set includes information on the date of transaction, transaction price, mortgage type,
size of the apartment, and location.
Haifa is segmented into statistical areas viz., 9 quarters, 28 sub-quarters and 95
tracts. About half of the population is concentrated in the east/south (quarters 4, 5,
and 9). Most of Haifa’s housing stock consists of multi-apartment buildings. There are
detached buildings in the southern part of Haifa (quarter 9) (see also Plaut and Plaut
1998). We use location-based data with socio-economics characteristics to comple-
ment the transaction data. For that purpose we make use of the 1995 census by the
Israel Central Bureau of Statistics, CBS, and in particular socio-economic scores by
statistical area. The characteristics range from 5 (low) to 20 (high). Haifa’s average
socio-economic score is above national average.
The sample includes 7,264 transaction records, which is about a quarter of the
dwelling transactions in Haifa over the period January 1989–June 1999 (Benchetrit
and Czamanski 2008). The transactions relate to eight quarters (not included is the
industrial quarter 2), 19 sub-quarters and 40 tracts. To base house prices by tract on
sufficiently large numbers of transactions for each and every year of observation, we
aggregated some tracts resulting in 34 tracts. The data set is a balanced panel made
up of 34 tracts and 11 years which gives a total of 374 observations. In Table 1 we
provide information on the number of transactions by sub-market.
The dependent variable in our study is a housing price index, by tract and by year.
It is noteworthy that the price index by tract is made of prices of different dwellings
123
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Table 1 Transactions by sub-market
Sub-market label 1 2 3 4 Total
Description Low Low-medium Medium-high High
Socio-economic clusters 5–8 9–12 13–16 17–20
Number of tracts 5 7 8 14 34
Total transactions in the sample 1,341 2,900 1,426 1,597 7,264
Transactions financed with
governmental mortgage (in %)
81 73 51 29 60
Table 2 Summary statistics
Sub-market POOLED
1 2 3 4
NISM2
Mean price per square meter 1,251 1,668 2,106 2,661 2,056
(NIS/M2) (379) (351) (366) (696) (773)
M2
Apartment size (M2) 75.2 76.5 84.7 111.6 91.9




0.84 0.74 0.53 0.34 0.57
BUILD
Building starts Haifa (number) 1,288
(429)
STOCK
Housing stock Haifa (number) 104,869
(4,368)
POP
Population Haifa (number) 253,527
(12,924)
N 5 7 8 14 34
N T 55 77 88 154 374
over time. To account for heterogeneity due to unobserved housing characteristics we
created a housing price index by converting NIS house prices into a house price per
square meter (NISM2).1 Table 2 gives details of the sample.
1 To check the adequacy of NISM2 to account for heterogeneity we applied a hedonic approach regressing
NISM2 house price on a polynomial of M2 and year dummies by tract. The adjusted R2 ranges from 40
to 65% of total variation in NIS house price depending on the specification. On the basis of this result we
decided to use NISM2 as house price index.
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Fig. 2 Time series of population, housing stock, NISM2 and mortgage
The time series of the variables of interest are depicted in Fig 2. Observe the sharp
rise in the population and the associated rise in the house price index in the early
1990s. Also note the steady increase in the housing stock throughout these years.
4 The model
The issue we address is whether there is a ripple effect over time such that after the
influx of immigrants in the early 1990s, house prices first rise and then tail off. The
rationale is as follows. The large influx of immigrants looking for shelter shifts hous-
ing demand upward, leading to a sharp house price rise as supply cannot respond
instantaneously. Rising house prices typically above construction costs induces real
estate developers to start new construction. The supply of new houses will make prices
resettle at a new equilibrium with a larger housing stock. Thus, there are house price
corrections over time (DiPasquale and Wheaton 1994).
The Israeli government intervened on the demand and on the supply side through
government mortgages and construction programs, respectively. The mortgage pro-
gram facilitated improved access to credit markets for immigrants and may have
affected house prices in the early 1990s. Meen (2001) argues that credit constraints or
mortgage rationing typically affect low-income households like most immigrants. The
government mortgage programs enabled immigrants to buy dwellings in the lower end
of the housing market. Thus, the proportion of transactions financed with government
mortgages is an indication of how credit markets affect house prices (see also Ortalo-
Magné and Rady (1999). The influx of immigrants also provides an economic rent to
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Fig. 3 Moran scatter plot of standardized values of NISM2t and RNISM2t−1, 1994
owners in the lower-end sub-markets, which induces them to sell their properties to
the immigrants and create demand in the higher-end housing market. Thus there are
shocks at all levels of the housing market but not necessarily at the same time and of
the same magnitude (see also Lipschitz 1997). Within local housing markets prices
of houses may be similar because submarkets contain substitutes (see Bourassa et al.
2007). Also, observe that inertia with respect to spatial spillover is likely. We model
spatial spillover using a spatial lag dependence modeling framework. LeSage and
Pace (2009) argue that compared to spatial error models spatial dependence models
produce unbiased estimates for a much wider range of data generating processes, as
it reduce the risk of omitted variable bias in the parameters of interest.
The model we are considering is presented in Eq. (1). It describes the logarithm
of the house price index per square meter (NISM2) in tract i = 1, 2, . . . , N at time
t = 1, 2, . . . , T as a function of its one-period lag, spillover from first-order contiguous
quarters, i.e. the logarithm of the unweighted average of the house price in first-order
contiguous quarters (RNISM2), the logarithms of the current and one period-lagged
population size of Haifa (POP), the logarithm of housing stock in Haifa (STOCK), and
the proportion of transactions financed with government mortgages (MORTGAGE).
To account for spatial correlation we include RNISM2 lagged for one year in the model.
The inclusion of this variable is supported by the scatter plot of standardized values of
NISM2t and RNISM2t−1 for 1994 presented in Fig 3.2 Formally, the spatiotemporal
autoregressive model of house prices reads:
log NISM2i t = γ1 log NISM2i,t−1 + β1 log RNISM2i,t−1
+β2 log POPt + β3 log POPt−1 + β4 log STOCKt
+β5MORTGAGEi t + α + εi t . (1)
2 For the other years a similar relationship holds.
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For the autoregressive parameter the inequality |γ1| < 1 is assumed to hold. If this
inequality holds the system is stable. The error terms εi t are assumed i id(0, σ 2ε ). The
parameter γ1 indicates the proportion of NISM2 in the previous period maintained at
time t with γ1 − 1 the speed of return.
The lagged dependent variable in Eq. (1) is by construction correlated with the
fixed effects which renders the standard least squares dummy variable method (LSDV)
inconsistent (see Davidson and MacKinnon 1993; Baltagi 1995). The literature sug-
gests several alternative estimators conditional on the structure in the data, such as
the magnitude of the autoregressive parameter γ1, and the magnitudes of N and T
(Blundell and Bond 1998). Arellano and Bond (1991) propose a linear generalized
method of moments (ABGMM) estimator in which instruments are used on the basis
of first differences. ABGMM is consistent if there is no second-order serial corre-
lation after first-differencing (see Arellano and Bond 1991; Baltagi 1995). In panel
data with higher orders of serial correlation the moment conditions of the ABGMM
are invalid. Also, with |γ1| close to unity lagged levels become weak instruments
such that ABGMM performs poorly. Blundell and Bond (1998) present an alternative
system-GMM estimator that imposes further restrictions using additional moment
conditions. Biased-corrected LSDV (LSDVC) has been proposed also (see Kiviet
1995).
Most of these estimators typically are for large N and T . Judson and Owen (1999)
present rules of thumb to practitioners of what estimator to use in applications.
They recommend LSDVC for balanced panels and GMM for unbalanced panels with
T ≤ 20. Bun and Kiviet (2006) though indicate more exactly that (system) GMM
estimators require N ≥ K (T − 1), with K the number of regressors.
The performance of the various estimators mentioned above for fixed N and T
has been addressed in various Monte Carlo studies, which vary in the number and
detail with which estimators are considered (Kiviet 1995; Blundell and Bond 1998;
Bun and Kiviet 2006). Bun and Kiviet (2006) recently indicate that in small samples
none of the estimators dominates in terms of bias and mean squared error over all
parameterizations. Therefore, we adopt the corrected LSDV (Bruno 2005).
5 Empirical results
We first address the time series properties of the variables before estimating model
(1). Particularly, we tested whether house price and population series are integrated
into the same order. We applied the augmented Dickey–Fuller (ADF) unit root tests
and, given the short time period, experiment with 1 and 2 lags to test the null hypoth-
esis of a unit root. We considered unit root tests for both individual series and panel
data.
We first applied the panel-based unit root tests for house prices, population and
stock. Results are given in Table 3. For house price the ADF panel unit root test
contrary to the Hadri test do not indicate a common unit root. We also consider the
properties of the time series aggregated over all tracts. The ADF test indicated a unit
root for pooled NISM2.
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Table 3 Results for augmented Dickey–Fuller unit root panel test
Panel test NISM2 POP STOCK
Fisher Ha Fisher Ha Fisher Ha
Test statistic 553.9 11.9 4.96 13.74 31.6 11.26
p value 0.00 0.00 1.00 0.00 1.00 0.00
Fisher augmented Dickey–Fuller test. Ho: there is unit root. One lag included; Ha: Hadri test. Ho: there is
no unit root. Trend and one lag included, controlling for serial dependence in errors POP and STOCK are
time series that do not vary across cross-sectional units
Table 4 Estimation results for
the dynamic panel model,
corrected LSDV estimates
See Table 2 for description of
variables
* significant at 10%;
** significant at 5%
log NISM2i,t Parameter SE
log NISM2i,t−1 0.26∗∗ 0.06
log RNISM2i,t−1 −0.20 0.07
log POPt 2.64∗∗ 0.85
log POPt−1 0.71 0.51
log STOCKt−1 −2.13∗ 0.95
MORTGAGEi,t 0.07 0.06
We also considered the individual house price series using ADF and Philips-Perron
tests for each and every tract. The results indicated that for 16 tracts the house price
series are not unit root, which is most likely due to the quality of the house price
index. For the majority of the individual house price series a unit root could not be
rejected. On the basis of this result and the Hadri test results, we consider the house
price panel series as being non-stationary. The various tests indicate that for population
the hypothesis of a unit root could not be rejected, suggesting non-stationarity of the
series. Finally we addressed the housing stock series. Tests for STOCK indicated a
unit root also.
We continued our analysis considering whether the house price and population
series are co-integrated. We performed a panel ADF unit root test for the ratio of
house price over population. The ADF test results indicated clear rejection of a unit
root which is consistent with the co-integrating relationship assumed in an ADL or
associated error correction model.
On the basis of the above results, we estimated model (1). The results are given in
Table 4 for the panel model over all sub-markets.
The estimated coefficient of the lagged dependent variable satisfies the stability
inequality specified above. Furthermore, the estimate for γ of 0.26, suggests a correc-
tion (γ −1) of over 70% (−0.74) of the gap between house prices and its fundamental
determinant. Our results are in line with those obtained by Harter (2004) for the US
and Ohtake and Shintani (1996) for Japan, yet is much larger in magnitude. Harter
finds a parameter of −0.22, whereas Ohtake and Shintani find an estimate of −0.33.
Moreover, Malpezzi (1999) finds estimates in the range of −0.16 to −0.32 for the US,
and Hort (1998) −0.36 for Sweden. The correction of more than 70% in our study
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Fig. 4 Residuals from co-integration relation
is supported by the large-scale land conversion and urban construction programs in
Israel.
Current population size and lagged stock have the expected signs. The parameter
of the proportion of transactions financed with government mortgages, though insig-
nificant, indicates an upward shift of 7% in house prices in Haifa (see also Schein
2002).
The residuals of the co-integrating relation give information on the degree house
prices deviate from market fundamentals, i.e., the significant explanatory variables
in Eq. (1). Figure 4 depicts the residuals by year reflecting the price development
presented in Fig. 1. House prices typically start rising when price levels are below,
and start falling when price levels are above market fundamental values, respectively.
Particularly, the residuals show price levels well above (15%)3 fundamentals in 1991
resulting in a substantial drop in the year after.
House prices well above market fundamentals have been related in the literature
to speculative motives which in their turn may trigger retaliation by consumers (Deri
2000; Schein 2002). The sharp correction in house prices in 1992 might be due to
households punishing unfair house prices, although more research is needed to mea-
sure the degree of pure mean reversion
Figure 5 presents deviations from the co-integration relationship by sub-market.
The results indicate substantial differences suggesting that house price developments
are local. Under-valued house prices in one sub-market typically coincide with over-
valued house prices in other sub-markets indicating poor market clearness or arbitrage.
Particularly, some lower-end markets indicate houses overpriced during the period.
3 Observe the log scale.
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Fig. 5 Residual from co-integration relation by sub-market
6 Conclusions
In this paper, we considered the impact of immigration on housing market dynamics
in Haifa. Israel experienced a large influx of immigrants during the early 1990s. By
the turn of the century and within one decade, more than one million immigrants, or
almost 300,000 households arrived in the country. Within this short period of time the
population rose from 4.5 to almost 6.4 million by 2000. The case of Haifa offers a typ-
ical non-controlled experiment on how demographic shocks and associated changes
in housing demand affect the housing market.
The dynamic adjustment of Haifa’s house prices is modelled by means of an auto-
regressive, distributed lag panel model. The data analyzed cover housing transactions
between January 1989 and June 1999 and come from a mortgage database. In the
empirical analysis we use a house price index by tract and by year to investigate the
impact of immigration on house price dynamics for a balanced panel of 34 tracts and
11 years. We use a corrected least squares dummy variable estimator to estimate the
parameters of interest.
The time series test results indicated that for some of the tracts house price series
are not unit root. For most of the individual series, however, a unit root could not
be rejected so that we considered the house price series as being non-stationary. The
population and housing stock series are non-stationary also. The co-integration test
between population and house prices reject the null hypothesis of no co-integration,
consistent with the proposed ADL model structure.
The estimated coefficient of the lagged dependent variable suggests stability of the
ADL structure. Furthermore, the results indicate a house price correction of almost
70% of the gap between house prices and its fundamental determinant each year due
123
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to large-scale land conversion and urban construction programs in Israel. The co-
integration residuals indicate that house prices may rise above market fundamentals
giving rise to concerns about fair prices. However, more research on this issue is
needed.
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